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Abstract Objective : To investigate 
the regional partial pressure of oxy¬ 
gen (P0 2 ) and partial pressure of 
carbon dioxide (PCO z ) of the per¬ 
fluorocarbon liquid (Ppfc0 2 , 
PpfcCCL) during partial liquid ven¬ 
tilation (PLV). 

Design: Prospective, controlled 
study. 

Setting: A research laboratory at a 
university medical center. 

Subjects: Thirteen Japanese white 
rabbits. 

Interventions: After the tracheosto¬ 
my, PLV was started with perflubron 
(15 ml/kg) following saline lung lav¬ 
age. Fractional inspired oxygen 
(FI0 2 ) was 1.0, respiratory rate was 
30 bpm and tidal volume (V T ) was 
30 ml. Two epidural catheters (18 
gauge) were inserted from the rub¬ 
ber diaphragm interposed in the re¬ 
spiratory circuit to sample perflu¬ 
bron. One catheter was inserted into 
the left lower lobe bronchus and 
placed at 5-6 cm distal from the Car¬ 
ina (DISTAL). The other one was 
inserted at the tip of the endotra¬ 
cheal tube (PROXIMAL). Then 
the effect of the larger V T (50 ml) 
or positive end-expiratory pres¬ 
sure (PEEP; 10 cmH,0) to the 


gas tension in perflubron was exam¬ 
ined. 

Measurements and main results: (1) 
In the lower V T (30 ml) with 
0 cmH 2 0 PEEP, DISTAL PpfcO z 
was significantly lower than PROX¬ 
IMAL Ppfc0 2 (265 ± 72 vs 
386 ± 47 mmHg,p < 0.0001), and 
DISTAL PpfcC0 2 was significantly 
higher than PROXIMAL PpfcC0 2 
(51.1 ± 14.4 vs 42.4 ± 11.8 mmHg 
{p = 0.0007)), (2) the higher V T set¬ 
ting increased PpfcO z (p = 0.0001) 
and decreased PpfcC0 2 
{p < 0.0001), although the gas ten¬ 
sion gradient was significant, (3) 

10 cmH,0 PEEP increased Ppfc0 2 
{p = 0.0004) and decreased PpfcC0 2 
(p = 0.0089) in the DISTAL sample. 
Conclusion: There was a difference 
in gas tension in perflubron between 
the central airway and the peripher¬ 
al dependent lung region, and gas 
tension in perflubron was affected 
by the V T and the PEEP level. 

Key words Liquid ventilation • 
Perflubron • Partial pressure of 
oxygen (P0 2 ) • Partial pressure of 
carbon dioxide (PC0 2 ) • Positive 
end-expiratory pressure (PEEP) ■ 
Tidal volume 


Introduction 

Partial liquid ventilation (PLV) is a ventilatory method 
performed by conventional gas ventilation to the perflu¬ 
orocarbon (PFC) liquid instilled lung. Since this method 


was first reported by Fuhrman et al. [1], both animal re¬ 
search and clinical trials have demonstrated its thera¬ 
peutic potential in cases of severe lung injury [2, 3, 4, 5, 
6, 7]. From the viewpoint of pulmonary gas exchange, 
most of the discussions in the previous reports have 








37 


been based on arterial blood gas analyses. However, 
partial pressures of 0 2 (Ppfc0 2 ) and C0 2 (PpfcC0 2 ) 
have not been elucidated yet. 

During PLV, the mechanism of pulmonary gas ex¬ 
change is complex because both gas and PFC liquid 
take part in it. In addition, both oxygenation and C0 2 
removal are accomplished in the lung in situ. The effi¬ 
ciency of gas exchange is affected by the gas diffusion 
within the liquid and amount of gas-liquid interface. 
However, Mates et al. concluded that the diffusion limi¬ 
tation in the PFC liquid was less important for oxygen¬ 
ation and PFC-flooded gas exchange units, which the 
fresh inspiratory gas could not reach throughout the re¬ 
spiratory cycle, caused intrapulmonary shunt [8], Re¬ 
cently, we demonstrated that airway pressure above the 
lower inflection point on the pressure-volume curve es¬ 
tablished the gas-liquid interface dose dependently 
from the non-dependent lung region during PLV [9]. 
Furthermore, severe lung injury with low lung compli¬ 
ance made it difficult to establish gas-liquid interface in 
the dependent lung region even during PLV. Consider¬ 
ing these studies, we hypothesized that (1) Ppfc0 2 was 
inhomogeneous in the lung in situ and it is lower in the 
dependent lung region than in the proximal airway, (2) 
Ppfc0 2 was determined not only by the FI0 2 but also 
by the setting of supplemental gas ventilation during 
PLV. 

The first objective of this study, therefore, was to de¬ 
termine whether Ppfc0 2 in the dependent region of in¬ 
jured lung was lower than that in the central airway. 
The second objective was to determine whether the 
higher tidal volume (V T ) increased Ppfc0 2 , and whether 
the higher V T decreased the regional difference of 
Ppfc0 2 between the central airway and the peripheral 
dependent region. Finally, the third objective was to de¬ 
termine whether PEEP increased Ppfc0 2 in the periph¬ 
eral dependent region. 


Materials and methods 

The following protocol was approved by the institutional animal 
ethics committee. All animals were handled according to the 
guidelines set out in the “Guide for the Care and Use of Laborato¬ 
ry Animals” published by the National Institutes of Health. 

Thirteen Japanese white rabbits (2.7-3.4 kg) were anesthetized 
with intramuscular ketamine (100 mg) and xylazine (12.5 mg). Af¬ 
ter establishing a venous route via the marginal ear vein, tracheo¬ 
stomy was established under local anesthesia and an endotracheal 
tube (internal diameter, 4.0 mm) (Lo-contour; Mallincrodt Medi¬ 
cal, Athlone, Ireland) was inserted. Ketamine (10 mg), xylazine 
(12.5 mg) and pancuronium (1.0 mg) were administered intrave¬ 
nously and volume-controlled mechanical ventilation was started 
with an animal ventilator (SN-480-6; Shinano, Tokyo, Japan). Tidal 
volume (V T ) was set to 30 ml and respiratory rate was set to 
30 breaths/min. The inspiratory-expiratory ratio (I:E ) was set to 
1:2, FI0 2 was 1.0. and 6 ml-kg-h of lactate Ringer’s solution was 
continuously infused as a maintenance fluid. Anesthesia was main¬ 


tained with continuous infusion of ketamine (10 mg/h), xylazine 
(25 mg/h) and pancuronium (1 mg/h). A central venous catheter 
was inserted via the right jugular vein and the right carotid artery 
was cannulated with a 20-gauge Teflon cannula (Surflow; Terumo, 
Tokyo, Japan). Esophageal temperature was continuously moni¬ 
tored and adjusted within the range of 36.5-37.5 °C throughout 
the experiment, using an infra-red radiation warmer. 


Study protocol 

After the baseline measurements, the lungs were lavaged several 
times with 40 ml of normal saline at 37 °C until Pa0 2 decreased to 
less than 100 mmHg, using a modification of the technique de¬ 
scribed by Lachmann et al. [10]. After 1-h stabilization of lung in¬ 
jury, PLV was started with 15 ml/kg of perflubron (Perflu- 
orooctylbromide C 8 F 17 Br; PFOB, Nippon Mektron, Tokyo, Ja¬ 
pan). The specific gravity of this liquid is 1.92 at 25 °C; vapor pres¬ 
sure is 14.0 mmHg at 37 °C. To evaluate oxygenation of perflubron 
in the lung in situ, it was instilled without pre-oxygenation. In addi¬ 
tion, the lung was ventilated with 100 % oxygen every 3 ml of instil¬ 
lation without any change in body position. Our previous study 
demonstrated this instillation method caused gravity dependent 
distribution of perflubron [9]. During PLV, respiratory rate (RR) 
was set to 30 breaths/min, FIO z was set to 1.0 and V T was set to 
30 ml. Then two epidural catheters (18 gauge Epidural Minipack, 
SIMS Portex, Kent, UK) were inserted from the rubber diaphragm 
interposed in the respiratory circuit, to sample perflubron. One 
catheter, defined as a DISTAL catheter, was inserted into the left 
lower lobe bronchus with fiberscopic guidance and placed at a 
point 5-6 cm distal of the carina. And the other catheter, defined 
as a PROXIMAL catheter, was inserted at the tip of the endotra¬ 
cheal tube. 

One hour after the PFC sampling catheters had been inserted, 
the experimental protocol was started. The protocol consisted of 
the three different settings of supplemental gas ventilation in ran¬ 
dom sequence: the first setting was the lower V T (30 ml) with 
0 cmH,0 PEEP (ZEEP), the second setting was the higher V T 
(50 ml) with ZEEP, and the third setting was the lower V T (30 ml) 
with 10 cmH 2 0 PEEP. At all settings RR was 30 breaths/min and 
FI0 2 was 1.0. Each setting of ventilation was continued for 45 min 
and measurements were performed at the end of each cycle. 

After all the measurements had been completed, animals were 
exsanguinated under deep pentobarbital anesthesia and the chest 
was opened with midsternal incision to examine the location of 
the catheter. When the distal catheter was inserted into the bron¬ 
chus other than the ramus laterobasalis (B 9 ) or the ramus dorsoba- 
salis (B 10 ), the results were excluded from the study. 


Measurements 

Mean arterial pressure (MAP) was continuously monitored using a 
monitoring system (Lifescope 12, Nihonkohden, Tokyo, Japan). 
Arterial blood was sampled and analyzed using a blood gas analyz¬ 
er (IL1306A; Instrumentation Laboratory, Milan, Italy). Perflu¬ 
bron (0.2 ml each) was sampled from the DISTAL and PROXI¬ 
MAL catheters, after withdrawal of perflubron from within the 
epidural tube dead space (approximately 0.25 ml), during a tempo¬ 
rary cessation of ventilation at the end expiratory phase. In the set¬ 
ting of lower V T with 10 cmH 2 0 PEEP, PEEP was decreased to 
0 cmH,0 during this period to facilitate sampling. In the setting 
with 10 cmH,0 PEEP, PROXIMAL samples were excluded from 
analyses because PROXIMAL airways were occupied with gas 
during the ventilation with PEEP. Both Ppfc0 2 and PpfcC0 2 were 
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Table 1 Airway pressure and hemodynamic variables ( V T tidal 
volume, ZEEP 0 cmH,0 positive end-expiratory pressure, PEEP 
positive end-expiratory pressure, PIP peak inspiratory pressure, 
HR heart rate, MAP mean arterial pressure) 



V T 30 ml + 
ZEEP 

V T 50 ml + 
ZEEP 

V T 30ml + 

10 cmH,0 
PEEP 

PIP (cmELO) 

14 ±3 

21 ± 3** 

20 ± 3** 

HR (beats/min) 

205 ± 42 

225 ± 43 

214 ± 42 

MAP (mmHg) 

96 ± 10 

86 ± 13* 

85 ± 15* 


Data are shown as mean ± SD 

*p< 0.05 vs V T 30ml + ZEEP, ** p < 0.0001 vs V T 30ml + ZEEP 


analyzed using the blood gas analyzer at 37 °C by the same method 
as arterial blood samples. The dose equivalent to the loss of perflu- 
bron by each sampling was refilled into the endotracheal tube after 
each measurement. 

Statistics 

All data are expressed as means ± SD. All statistical analyses were 
performed with computer software (Stat View 4.5; Abacus Con¬ 
cepts, Berkeley, Calif.). The effect of the sampling site and V T to 
Ppfc0 2 and PpfcC0 2 were analyzed with two-way analyses of vari¬ 
ance (ANOVA). To compare the variables from the two different 
ventilatory settings, paired /-test was performed. The level of signif¬ 
icance was a probability of 0.05 or less in each statistical analysis. 


Results 

As a preliminary study, we evaluated applicability of the 
blood gas analyzer to measurements of Ppfc0 2 and 
PpfcC0 2 . The accuracy for PFC samples was compara¬ 
ble with that for blood samples warranted by the manu¬ 
facturer (Data not shown). Two of 13 animals were ex¬ 
cluded because of catheter malpositioning. In these two 
animals, the DISTAL catheter was inserted into the ra¬ 
mus ventrobasalis (B 8 ). In the 11 animals studied, the lo¬ 
cation of the DISTAL catheter was in the ramus latero- 
basalis (7 animals), or in the ramus dorsobasalis (4 ani¬ 
mals). 

Peak inspiratory pressure (PIP), heart rate (HR) and 
mean arterial pressure (MAP) in the three ventilatory 
settings are demonstrated in Table 1. Both higher V T 
and PEEP significantly decreased MAP; however, 
no animal recorded severe hypotension (MAP 
< 60 mmHg) during the experiment. 

Regional difference of partial pressures of oxygen and 
carbon dioxide of the perfluorocarbon liquid during 
partial liquid ventilation 

In the lower V x (30ml) with ZEEP, DISTAL Ppfc0 2 was 
significantly lower than PROXIMAL Ppfc0 2 (265 ± 72 


(A) (B) 



PROXIMAL DISTAL PROXIMAL DISTAL 

Ppfc0 2 Ppfc0 2 PpfcC0 2 PpfcC0 2 


Fig-1 Effect of tidal volume (V T ) setting to the gas tension in per- 
flubron during partial liquid ventilation. (A) Partial pressure of ox¬ 
ygen of perfluorocarbon liquid (B) Partial pressure of carbon diox¬ 
ide of perfluorocarbon liquid; * p = 0.0001 vs V T 30 ml, ** 
p < 0.0001 vs V T 30 ml, f p < 0.001 vs PROXIMAL sample, ft 
p < 0.0001 vs PROXIMAL sample 


vs 386 ± 47 mmHg, p < 0.0001), and DISTAL PpfcCO. 
was significantly higher than PROXIMAL PpfcC0 2 
(51.1 ± 14.4 vs 42.4 ± 11.8 mmHg, (p = 0.0007)). 

Effect of tidal volume setting on the partial pressures of 
oxygen and carbon dioxide of the perfluorocarbon 
liquid during partial liquid ventilation 

The result of comparison of PpfcO z between the two V T 
settings (30ml or 50 ml) with ZEEP is demonstrated in 
Fig. 1A. The result of two-way ANOVA demonstrated 
that both sampling sites (p < 0.0001), and V T settings 
(p < 0.0001) significantly affected Ppfc0 2 . The higher 
V x setting resulted in the higher PpfcO-, (451 ± 39 [V x 
50 ml] vs 386 ± 47 mmHg [V x 30 ml] in the PROXIMAL 
sample (p < 0.0001); 347 ± 68 [V x 50 ml] vs 265 ± 
72 mmHg [V x 30 ml] in the DISTAL sample, p = 
0.0001). In addition, the regional difference of Ppfc0 2 
was significant in the higher V x setting (451 ± 39 [PROX¬ 
IMAL] vs 347 ± 68 mmHg [DISTAL ],p < 0.0001). 

The result of comparison of PpfcCO, between the 
two V x settings with ZEEP is demonstrated in Fig. IB. 
The result of two-way ANOVA demonstrated that sam¬ 
pling sites (p = 0.02), and V x settings (p < 0.0001) signif¬ 
icantly affected PpfcC0 2 . The higher V x setting resulted 
in the lower PpfcC0 2 (20.8 ± 3.8 [V x 50 ml] vs 
42.4 ±11.8 mmHg [V x 30 ml] in the PROXIMAL sam¬ 
ple (p< 0.0001); 26.4 ±4.4 [V x 50 ml] vs 

51.1 ± 14.4 mmHg [V x 30 ml] in the DISTAL sample; 
p < 0.0001). In addition, the regional difference of 
PpfcC0 2 was significant in the higher V x setting 
(20.8 ±3.8 [PROXIMAL] vs 26.4 ± 4.4 mmHg [DIS¬ 
TAL]; p < 0.0001). 
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(A) (B) 



DISTAL Ppfc0 2 DISTAL PpfcC0 2 

Fig. 2 Effect of 10 cmHiO positive end-expiratory pressure 
(PEEP) to the gas tension in the DISTAL perflubron samples dur¬ 
ing partial liquid ventilation. (A) Partial pressure of oxygen of per- 
fluorocarbon liquid (B) Partial pressure of carbon dioxide of per- 
fluorocarbon liquid (PEEP 0 0 cmH,0 PEEP, PEEP 10: 
10 cmH,0 PEEP) * p < 0.01 vs PEEP 0 ,** p < 0.001 vs PEEP 0 


Effect of positive end-expiratory pressure on the 
DISTAL partial pressures of oxygen and carbon dioxide 
of perfluorocarbon liquid during partial liquid 
ventilation 

The result of comparison of gas tension in the DISTAL 
samples between the lower V x with ZEEP and the lower 
V x with 10cmH 2 O PEEP is demonstrated in Fig. 2. 
PEEP significantly increased DISTAL PpfcCh 
(265 ±72 [ZEEP] vs 331 ± 67 mmHg [10 cmH 2 6 
PEEP], /) = 0.0004; Fig. 2A), and significantly decreased 
PpfcCO, (57.6 ±15.3 [ZEEP] vs 43.5 ± 11.1 mmHg 
[10 cmHjO PEEP], p = 0.0089; Fig. 2B). 


The gas tension difference between the DISTAL 
perflubron samples and the arterial samples 

Figure 3 shows the partial pressure difference between 
the arterial and the DISTAL perflubron samples. Al¬ 
though PO, difference was not significant in the setting 
of lower V x with ZEEP (265 ± 72 [DISTAL PpfcOJ vs 
252 ± 103 mmHg [PaOJ p = 0.7287), higher V x and 
PEEP resulted in a significant P0 2 difference between 
the arterial and perflubron samples (347 ± 68 [DISTAL 
PpfcOJ vs 521 ± 69 mmHg [Pa0 2 ] (p < 0.0001) in the 
higher V x setting, 331 ± 67 [DISTAL PpfcOJ vs 
516 ± 69 mmHg [PaOJ (p < 0.0001) in the PEEP set¬ 
ting; Fig. 3A). On the other hand, the PC0 2 difference 
was significant in all the three settings (51.1 ± 14.4 [DIS¬ 
TAL PpfcC0 2 ] vs 66.1 ± 15.1 mmHg [PaCOJ 
(p = 0.0002) in the lower V x with ZEEP, 26.4 ± 4.4 [DIS¬ 
TAL PpfcCOJ vs 31.8 ±5.7 mmHg [PaCOJ 
{p = 0.0002) in the higher V x with ZEEP, 43.5 ± 11.1 
[DISTAL PpfcC0 2 ] vs 57.6 ± 15.3 mmHg [PaCOJ 



PEEP0 PEEP0 PEEP 10 PEEP 0 PEEP 0 PEEP 10 

Fig. 3 The gas tension difference between the arterial samples and 
the DISTAL perflubron samples. (A) Oxygen (B) Carbon dioxide 
(PEEP 0 0 cmLLO PEEP, PEEP 10 10 cmH,0 PEEP) 
* p < 0.0001 vs Ppfc0 2 , t p < 0.001 vs PpfcC0 2 


{p = 0.0005) in the lower V x with 10 cmH,0 PEEP; 
Fig. 3B). 


Discussion 

The present study has demonstrated that (1) there was a 
difference in gas tension in perflubron between the cen¬ 
tral airway and the dependent lung region, (2) a higher 
V x setting increased Ppfc0 2 and decreased PpfcC0 2 
during PLV, although the gas tension gradient was sig¬ 
nificant, (3) 10 cmH 2 0 PEEP increased PpfcO, and de¬ 
creased PpfcC0 2 in the dependent lung region and (4) 
both higher V x and PEEP further increased Pa0 2 com¬ 
pared to Ppfc0 2 in the dependent lung region. 

There are four types of alveolar filling status during 
PLV. The first type is alveolus filled with gas throughout 
the respiratory cycle (gas-filled alveolus) and the second 
one is alveolus where both gas and PFC liquid exist (gas- 
liquid-filled alveolus). The third type is alveolus flooded 
with PFC liquid throughout the respiratory cycle (liq¬ 
uid-flooded alveolus) and the last one is collapsed alve¬ 
olus. 


Oxygen in the perfluorocarbon liquid during partial 
liquid ventilation 

Thinking about the oxygenation of PFC liquid, two 
types of alveoli, gas-liquid-filled alveoli and liquid- 
flooded alveoli, should be considered. In the gas-liquid- 
filled alveoli, oxygen is supplied from inspiratory gas. 
On the other hand, in the liquid-flooded alveoli the 
source of oxygen supply is limited to oxygen diffusion 
via the liquid. 
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Considering alveolar gas-capillary P0 2 gradient dur¬ 
ing PLV, Mates et al. concluded, with a mathematical 
model, that diffusion limitation did not significantly 
contribute to the alveolar-arterial 0 2 gradient in the 
gas-liquid-filled alveoli [8]. In this situation, Ppfc0 2 
could be equilibrated with both PA0 2 and alveolar cap¬ 
illary P0 2 . On the other hand, they calculated that a 
PFC-flooded gas exchange unit acts like a shunt when 
the gas radius is less than 50 pm in the lung instilled 
with perflubron (30 ml/kg) [8]. In this situation, Ppfc0 2 
could be equilibrated with mixed venous oxygen ten¬ 
sion. 

In addition, our previous study demonstrated that 
the gas is predominantly distributed to the non-depen- 
dent regions, and liquid-flooded alveoli can exist espe¬ 
cially in the dependent regions in the injured lung [9]. 
Furthermore, increasing airway pressure resulted in the 
establishment of air-liquid interface from the non-de- 
pendent region dose dependently. Therefore we hypoth¬ 
esized that the number of liquid-flooded alveoli affected 
Ppfc0 2 . 

Our present study supported this hypothesis by the 
following two points. Firstly, Ppfc0 2 in the DISTAL 
samples were significantly lower than that in the 
PROXIMAL samples. This result was evidence of the 
existence of liquid-flooded alveoli in the DISTAL area 
in the dependent lung, which corresponded to B 9 or 
B lu , regardless of the V T settings. Secondly, Ppfc0 2 was 
increased by the higher V T setting or 10 cmH 2 0 PEEP. 
This result reflected the increase in the number of gas- 
liquid-filled alveoli by V x increment or PEEP, which re¬ 
sulted in improvement of mixing status between inspira¬ 
tory gas and perflubron. Several previous reports dem¬ 
onstrated that higher V T [11] or PEEP [12] caused high¬ 
er PaO,. Those improvements in Pa0 2 could be partial¬ 
ly explained by the decrease in the number of liquid- 
flooded alveoli caused by the higher V T setting or PEEP. 


Carbon dioxide in the perfluorocarbon liquid during 
partial liquid ventilation 

In our present study we have demonstrated that (1) 
there was a regional difference in PpfcC0 2 between the 
PROXIMAL and the DISTAL samples and PaC0 2 
was higher than the DISTAL PpfcC0 2 , (2) PEEP (with¬ 
out any change in V T and RR) reduced the DISTAL 
PpfcC0 2 . 

Partial pressure of carbon dioxide of perfluorocarbon 
fluid was determined by the relationship among the alve¬ 
olar capillary perfusion, gas ventilation and C0 2 diffu¬ 
sion within the liquid. The difference between PaC0 2 
and PpfcC0 2 could be explained by the existence of ven¬ 
tilation dead space and alveolar-capillary C0 2 diffusion 
limitation. At the level of the alveolar capillary barrier, 
the C0 2 diffusion is limited between blood and PFC liq¬ 


uid because of the relative insolubility of C0 2 in perflu¬ 
bron (0.256 mlxlOO ml PFC -1 x 100 mmHg ') compared 
with in blood (0.779 ml x 100 ml blood 'xlOO mmHg 4 ) 
[8]. When 30 ml/kg of perflubron is used, the alveolar 
capillary-gas PC0 2 gradient is as much as 10 mmHg in 
an average gas exchange unit, according to the calcula¬ 
tion by Mate et al. [8]. This diffusion limitation could 
contribute to the difference between PaC0 2 and 
PpfcC0 2 , as well as ventilation dead space. 

The regional difference of PpfcC0 2 could be ex¬ 
plained by the balance between the CO z removal by 
the gas ventilation and the C0 2 supply from alveolar 
capillary blood. In the PROXIMAL region, the contact 
between perflubron and alveolar capillary blood was 
less and CO z was removed effectively by gas ventilation. 
In contrast, in the DISTAL region the gas-liquid inter¬ 
face was less established, so that C0 2 removal was less 
effective compared with the PROXIMAL region. The 
effect of PEEP on the DISTAL PpfcC0 2 could be ex¬ 
plained by the theory that PEEP increased gas-liquid in¬ 
terface, which resulted in an increase in C0 2 removal. 

The relationship between partial pressure of oxygen of 
perfluorocarbon liquid and partial pressure of arterial 
oxygen 

The results in this study demonstrated that both higher 
V T and PEEP further increased Pa0 2 compared to 
Ppfc0 2 in the peripheral dependent lung region, which 
resulted in the significant difference between Pa0 2 and 
Ppfc0 2 . Furthermore, Pa0 2 was significantly higher 
than the PROXIMAL PpfcO^ in the higher V T setting 
(521 ±69 [PaOJ vs 451 ±39 mmHg [PROXIMAL 
PpfcOJ,p = 0.0070). In these situations P0 2 in the alve¬ 
olar gas, rather than Ppfc0 2 , could be the dominant fac¬ 
tor in determining Pa0 2 . In other words, improvement 
in the gas ventilation-perfusion matching increased 
Pa0 2 . PFC instillation would help alveolar recruitment 
by its lower surface tension and would induce inspirato¬ 
ry gas into those alveoli. 

On the other hand, in the setting of lower V T with 
ZEEP, there were no significant differences between 
Pa0 2 and DISTAL Ppfc0 2 . In this situation, perflubron 
might act like an oxygen reservoir and might play a ma¬ 
jor role in determining PaO z . In addition, it was note¬ 
worthy that the true alveolar-arterial P0 2 difference 
could not be evaluated with the alveolar gas equation, 
because peripheral Ppfc0 2 could be far lower than P0 2 
of inspiratory gas. 


Study limitations 

In this study, an epidural catheter was used to sample 
the DISTAL perflubron. Although the location of the 




41 


catheter was 5-6 cm distal from the carina, it was diffi¬ 
cult to specify the anatomical region responsible for the 
DISTAL sample. In this sense, the sample was the mix¬ 
ture of perflubron from a more distal region than the 
segmental bronchus, which consisted of small bronchi, 
bronchioles and terminal alveolar sac. Therefore nei¬ 
ther Ppfc0 2 nor PpfcC0 2 in the terminal alveolar sac 
could be discussed in the present study. However, the 
significant difference between the PROXIMAL and 
the DISTAL samples reflected the regional difference 
in gas tension in perflubron and it suggested the possi¬ 
bility that Ppfc0 2 in some terminal alveolar sac was low¬ 
er than the DISTAL samples. 

In addition, DISTAL samples in this study reflected 
the values in the perflubron exclusively in the depen¬ 
dent region. Because the mixing status between inspira¬ 
tory gas and perflubron could be better in the non-de¬ 
pendent region, Ppfc0 2 here could be higher than those 


in the dependent regions. Because of the technical diffi¬ 
culty in introducing a catheter into the ventral region 
with reproducibility, this hypothesis could not be proved 
in the study. Therefore, the discussion should be limited 
to the relationship between the central airway and the 
peripheral dependent regions in this study. Finally, be¬ 
cause the result of this study was based on a small ani¬ 
mal experiment, our conclusion cannot be directly ex¬ 
trapolated to the human PLV. However, it should be 
considered that some settings of supplemental gas venti¬ 
lation could result in lower Ppfc0 2 in some regions and 
decrease efficiency in pulmonary gas exchange during 
PLV. 

In conclusion, there was a difference in gas tension 
(Ppfc0 2 and PpfcC0 2 ) in perflubron between the cen¬ 
tral airway and the dependent lung region, and gas ten¬ 
sion in perflubron was affected by the V T and the 
PEEP level. 
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